Hospitalizations for ambulatory care-sensitive (ACS) conditions have been used to monitor health system performance in the United States and in several European countries. [1] [2] [3] The idea behind the indicator is that hospitalizations for certain health problems represent a failure of the health system to provide access to good quality primary care, which should have detected the condition early in its progression, reduced its severity, or prevented the appearance of complications, thus obviating the need for hospitalization. Ambulatory care-sensitive hospitalization rates have been associated with primary care access and quality in several countries, including Australia, Canada, Spain, and the United States.
Hospitalizations for ambulatory care-sensitive (ACS) conditions have been used to monitor health system performance in the United States and in several European countries. [1] [2] [3] The idea behind the indicator is that hospitalizations for certain health problems represent a failure of the health system to provide access to good quality primary care, which should have detected the condition early in its progression, reduced its severity, or prevented the appearance of complications, thus obviating the need for hospitalization. Ambulatory care-sensitive hospitalization rates have been associated with primary care access and quality in several countries, including Australia, Canada, Spain, and the United States. [4] [5] [6] [7] [8] [9] However, these measures have rarely been used to study health system performance in lowand middle-income countries. Several reasons exist for seeking a tool to assess primary care effectiveness at this time in Brazil. These reasons include the ongoing process of developing the national health system, which has been taking place since 1988. 10 In addition, since 1994 the country has rolled out the Family Health Program (FHP) as a new, robust model of community-based primary health care explicitly designed to provide accessible, first-contact, comprehensive, and wholeperson care that is coordinated with other health and social services and takes place within the context of families and communities. Each FHP team is multiprofessional and contains at least 1 physician, 1 nurse, 1 medical assistant, and 4 to 6 community health agents. Teams are organized by geographic regions and with a specific territory containing approximately 3500 people per team. The program enrolls the local population and uses local health data to plan health services and prevention efforts. 11 All services and some medications are free of charge. By 2007, FHP access expanded in nearly every municipality and now reaches nearly 93 million people.
Concomitant changes have occurred in the Brazilian hospital sector. The government pays for about 80% of all hospitalizations, which consume nearly 70% of all national health expenditures. 12 Hospital care in the national health system takes place in government-owned and operated facilities (about 36% of all hospitalizations), as well as in private (about 37%) and nonprofit (about 27%) hospitals that have been contracted by the federal government. 13 Main reforms have included a decrease in the private or nonprofit to public sector hospital bed ratio, changes to the payment system, and introduction of new procedures covered by the national health system. Our objective was to assess factors associated with ACS hospitalization rates in Brazil. Our main hypothesis was that the rapid scaleup of the FHP over the past decade in Brazil should have resulted in improved capacity for primary care to resolve common population health problems. There is some evidence of the impact of the program on mortality-especially among children. 14, 15 FHP effects on adult morbidity should be reflected in a decrease in ACS hospitalization rates, a hypothesis for which there is preliminary evidence, at least for some conditions. 16 However, to our knowledge, no previous studies have assessed the role of the FHP in relation to other factors related to ACS hospitalization rates in the country.
METHODS
We performed an ecological cross-sectional, time-series study, which pooled together 9 years (1999-2007) of cross-sections composed of all 558 Brazilian microregions for each year, for a maximum sample size of 5502 observations. Each microregion contains several of Brazil's 5564 municipalities (Brazil's smallest administrative unit) that have been grouped Objectives. We assessed the influence of changes in primary care and hospital supply on rates of ambulatory care-sensitive (ACS) hospitalizations among adults in Brazil.
Methods. We aggregated data on nearly 60 million public sector hospitalizations between 1999 and 2007 to Brazil's 558 microregions. We modeled adult ACS hospitalization rates as a function of area-level socioeconomic factors, health services supply, Family Health Program (FHP) availability, and health needs by using dynamic panel estimation techniques to control for endogenous explanatory variables.
Results. The ACS hospitalization rates declined by more than 5% annually. When we controlled for other factors, FHP availability was associated with lower ACS hospitalization rates, whereas private or nonprofit hospital beds were associated with higher rates. Areas with highest predicted ACS hospitalization rates were those with the highest private or nonprofit hospital bed supply and with low (< 25%) FHP coverage. The lowest predicted rates were seen for areas with high (> 75%) FHP coverage and very few private or nonprofit hospital beds.
Conclusions. These results highlight the contribution of the FHP to improved health system performance and reflect the complexity of the health reform processes under way in Brazil. together to be geographically contiguous and homogeneous in terms of demography, agriculture, and transportation. Microregions were originally designed to contain at least 1 hospital within their border and to have a larger population than do individual municipalities, allowing for construction of more stable hospitalization rates over time. 17 
Data Source
Our principal data source was the hospitalization information system, a national administrative database used to register inpatient data in the Brazilian health system. These data include the specific condition at discharge (International Classification of Diseases, Tenth Revision 18 codes), patient information (age, sex, and municipality of residence), type of hospital, length of stay, and specific medical procedures performed. Each medical procedure was associated with a specific monetary amount, based on a national list that is used to pay hospitals on a prospective basis. We were thus able to link nearly 60 million hospitalizations since 1999 to information on Brazil9s municipalities and their respective microregions. 19 As per other studies on ACS hospitalizations, we excluded hospitalizations related to birth, because they apply only to women, are not associated with illness, and have increased because of public policies promoting in-hospital births. 20 We further limited our analysis to hospitalizations among adults, defined here as aged 20 years or older because they represent the largest proportion of hospitalizations in the country. 21 We set a maximum age limit of 79 years because after a certain age it is difficult to determine whether any hospitalization was preventable and because identifying the underlying cause of the hospitalization becomes increasingly difficult with older patients. Our earlier work defined and validated a list of ACS hospitalization conditions relevant to the epidemiological and health services environment in Brazil through systematic literature reviews, expert meetings, consultations with primary care professional organizations, and a period of open public comment on the proposed set of conditions. 19 The final list (available as a supplement to the online version of this article at http://www.ajph.org) is similar to many international lists, but differs in its emphasis on conditions that can be managed in primary care
(as opposed to any ambulatory care setting) and its inclusion of several infectious diseases not present on lists developed in richer countries. The main exposure variables were the proportion, by year, of the population in the microregion with access to the FHP, and public and private or nonprofit hospital beds per 10 000 inhabitants. Confounding variables included inflation-adjusted per capita income, socioeconomic conditions (i.e., proportion of the population older than 15 years who were illiterate, proportion of households with access to clean [indoor] water and adequate sanitation), health service access (i.e., annual mean number of doctor visits per capita), and the proportion of individuals with private health insurance. We also adjusted for population health status by including a measure of premature mortality (all-cause mortality before the age of 65 years) divided into quintiles. Income and socioeconomic data were derived from the national census and from national population surveys. [22] [23] [24] Health services and mortality data were from the Brazilian Ministry of Health's online data information systems.
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We based population data on recent intercensal estimates.
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Some independent variable data were missing for some years. We imputed missing data by using nonlinear interpolation methods that modeled within-municipality changes as a function of previous values at the municipal level and contemporaneous values at the state level. These techniques are described elsewhere. 10 We then summed up all municipal-level values to the microregional level.
Data Analysis
The available data were present for each year from 1999 (the year the Brazilian government switched to the ICD-10 coding scheme) to 2007. The model to be estimated was as follows:
where Y it is the ACS hospitalization rate for microregion i in year t, Y it-1 is a lagged dependent variable reflecting the fact that the previous year's hospitalization rate is a significant predictor of contemporary rates, FHP is the percentage of the population with access to the FHP, SES is the socioeconomic conditions in each microregion in each year, health care represents the supply of health services, and u it is the error. The time-specific effect, k t , is equivalent to a dummy variable for each year and captures national-level policy changes, and other technologic and economic trends that affect all microregions. The fixed effect, a i, captures all unobserved, time-invariant factors, such as persistent geographical and historical differences between microregions, that might affect hospitalization rates. 28 We used a linear dynamic panel data method to estimate the model. 29, 30 This approach was based on first-differencing the previously mentioned regression equation and used lagged dependent variables as well as past, present, and future values of independent variables as instruments for the lagged dependent variable on the right-hand side. 31, 32 The technique also allowed us to address the problem of endogeneity of the FHP and other independent variables by using the appropriate lags as instruments for the FHP and other independent variables in the same way that the model estimated lagged dependent variables. 29 This dynamic panel model method therefore allowed a means of obtaining consistent parameter estimates while controlling for unobserved timeinvariant factors, autocorrelation, and endogenous explanatory variables. 33 To develop a valid model, the total number of instruments was limited to the shortest number of lags possible and the validity of instruments was tested with a Sargan test of over-identifying restrictions. 34 Then we tested first-and second-order serial correlation in the first-differenced residuals by using the ArellanoBond m1 and m2 statistics, respectively. We based the final choice of models on the significance of the coefficients for the lagged dependent variables, the Arellano-Bond tests, and the Sargan test. The most appropriate model treated all control variables, except income per capita, as endogenous. Dependent variables with 1-, 2-, or 3-year lags were included in each model and varied by outcome, on the basis of their statistical significance and the results of the tests described previously. Finally, we compared results of our final models for ACS hospitalization rates with the sum of hospitalizations for all other conditions (non-ACS hospitalization). We predicted that primary care supply should not be associated with these outcomes, but that measures of hospital supply should be, if the mechanisms driving hospital decision-making regarding admissions processes are similar regardless of type of condition requiring hospital admission. Table 1 shows the number of hospitalizations and government expenditures on these hospitalizations from 1999 to 2007. The total number of hospitalizations increased by about 2%, and hospitalizations for ACS conditions decreased by nearly 17%. Hospitalizations for all other (non-ACS) conditions increased by nearly 10% during this time, resulting in a 5% decrease in the share of all hospitalizations that were considered ACS to about a quarter of all hospitalizations in 2007.
RESULTS
Inflation-adjusted expenditures for all hospitalizations increased by 43% to a total of 4.1 billion Brazilian reais (slightly less than US $2 billion) during this period. Total expenditures for ACS conditions increased by about a quarter, which was less than the increase for other conditions (49%), and which resulted in a 2.8% reduction in the share of expenditures going to ACS hospitalizations in 2007. The average expenditure per ACS hospitalization increased by about 50% to 512 Brazilian reais, and the average expenditure per non-ACS hospitalization increased by 36% to 660 Brazilian reais. Table 2 presents descriptive data on study variables. Mean income per capita rose slightly over time, and other improvements in markers of living conditions included increased percentage of houses with indoor water and reduced illiteracy rates. The FHP expanded coverage from 13% to about 64% of the Brazilian population, and the average yearly number of medical consultations per capita increased nearly 6-fold. The total number of hospital beds shrank overall, primarily because of a large reduction in the private-nonprofit sector, accompanied by an 11% increase of hospital beds in the public sector. The number of families with private health insurance also increased.
The bottom panel of Table 2 presents data on hospitalization rates. The ACS hospitalization rates declined by about a third, with an average yearly reduction of 4.5%. Rates for women were slightly higher than were those for men, although this is mostly attributable to differences in age distributions between the 2 groups. The ACS hospitalization rates for the oldest population were nearly 7 times higher than were those for the youngest age group. Non-ACS hospitalization rates were generally higher than were ACS hospitalization rates for each sex and age group and declined more slowly-about 10% overall with a yearly mean percentage change of 1.4%. Table 3 presents results from regression models explaining changes in ACS hospitalization rates over time. The first column contains results for all hospitalizations. The model shows a negative relationship between the highest levels of FHP coverage and ACS hospitalization rates. This pattern is repeated for the male-only model in column 2. For women, both the middle and high levels of FHP coverage were significant and revealed a doseresponse relationship. In the age-stratified models, both the middle and highest levels of FHP coverage were significant for the oldest groups showing a dose-response relationship similar to that seen in sex-stratified models. The magnitude of the FHP terms increased with each age group and in the oldest group was nearly 10 times higher than in the group aged 20 to 59 years. In all models, private hospital beds were statistically significant, positive, and of a similar magnitude; the 95% confidence intervals overlapped in all but the age 20 to 59 years model. All models, except that for ages 20 to 59 years, met all the assumptions of the dynamic model (m1 test was significant; m2 test was not significant; and the Sargan test was not significant). Table 4 presents analyses of non-ACS hospitalization rates. In all models, the FHP variables were not statistically significant, whereas the coefficient for the private or nonprofit hospitals was significant and positive. Note that only the models for the oldest age groups, those aged 60 to 69 years and 70 to 79 years, met all the specification tests for dynamic panel models. Nevertheless, each model presented similarly consistent results. Figure 1 shows predicted ACS hospitalization rates adjusted for all variables contained in model 1 of Table 3 . Predicted ACS hospitalization rates were highest (about 160/10 000) for a microregion with a private or nonprofit hospital bed ratio of 100 per 10 000 population and with less than 25% FHP coverage. The predicted ACS hospitalization rates dropped by about 10% for a high private or nonprofit hospital microregion with high (more than 75%) FHP coverage, although this proportion narrowed over time. In contrast, microregions with very few (less than 10/10 000) private or nonprofit hospital beds and low FHP coverage had about 35% lower predicted ACS hospitalization rates, and the lowest rates were found for low private or nonprofit hospital, high FHP microregions (about 70/10 000). Thus, in areas of both high and low private or nonprofit hospital supply, higher FHP availability was associated with substantially lower ACS hospitalization rates.
DISCUSSION
This study has shown that ACS hospitalization rates have declined sharply in Brazil over the past decade. Some of this decline may be attributed to the expansion of the FHP, an integrated primary care network that has substantially increased access to basic medical services throughout the country. At the same time, hospital-level factors such as the proportion of contracted (private or nonprofit) hospitals were associated with higher ACS hospitalization rates, even when other factors were controlled.
Several possible explanations exist for the observed results. First, the rapid expansion of the FHP may have indeed resulted in improved adult health, reducing the need for hospital admission through better diagnosis, treatment, or management of the chronic diseases that make up the bulk of the ACS hospitalization list. There is evidence that the FHP is associated with better management of some chronic conditions, and since 2004 a systematic effort to develop clinical guidelines for identification, diagnosis, and treatment of such diseases, including provision of essential drugs (free to the consumer) for control of hypertension and diabetes. 35, 36 Further, the FHP uses community health agents to actively screen populations (in their homes) for risk factors such as smoking and hypertension; to refer high-risk individuals to the health center; to develop group interventions to aid in smoking cessation, improve physical activity, and manage diabetes; and to develop community-based health education programs.
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Although the quality and intensity of these activities varies by location, this study could serve as an indication that they may reduce the need for hospitalization for at least some ACS conditions. 37, 38 At the same time, the consistent association of ACS hospitalization rates with the supply of private or nonprofit hospital beds questions the simple interpretation of attributing the magnitude of ACS hospitalization rates to access and quality of primary care. In Brazil, hospitals vary enormously in terms of their ownership, administration, and receptivity to market pressures. 39 There has been some evidence of induced demand in Brazil for certain procedures among private and nonprofit hospitals, and the fact that both ACS and non-ACS conditions were positively associated with private or nonprofit but not public sector hospital supply strengthens the case for induced demand. 40 Alternatively, a greater supply of private and nonprofit sector hospital beds may be present where the FHP itself is weaker. Although the growth in FHP access has occurred throughout the entire country, it has been functioning longer primarily in smaller, more rural municipalities, even though an explicit policy to expand the program to large urban areas has been in place since 2004. 41 Previous studies have shown that it takes time before the FHP becomes consolidated within a municipality and this learning curve has been associated with poorer outcomes. 10, 42 Changes in the relative prices associated with different hospital procedures may also explain some of the decline in ACS hospitalization rates, as government payments for procedures associated with lower-complexity conditions (several of which are on the ACS hospitalization list) are less than are those associated with more complex conditions. 43 Although hospitals may have favored admissions for conditions that might be more lucrative, this fact would not explain why private or nonprofit hospitals were found to be associated with higher ACS hospitalization rates than public hospitals, because both are paid according to the same government rates.
Finally, declining ACS hospitalization rates may also be related to a shifting of tasks from hospitals to ambulatory specialist care. This phenomenon could be interpreted as improved management for such conditions if they mean avoiding unnecessary hospital-based care. Although considerable work has been conducted in examining primary care and the hospital sector in Brazil, few studies have examined providers of secondary care, so little evidence exists on which to test this hypothesis.
Study Strengths and Limitations
Strengths of this study include the fact that all public sector hospitalizations for adults were included in the analysis. The length of follow-up and use of microregions allowed for calculation of stable hospitalization rates over nearly a decade. Statistical analyses adjusted for the endogenous nature of the main exposure variable (FHP coverage) and other independent variables. Although the results of these models may be more conservative than traditional fixedeffects models, they are more robust to a number of biases inherent in many previous studies of the FHP and its effects on health outcomes.
The main weakness of the study is the ecological nature of its design; we could not distinguish between those hospitalizations that occurred among individuals who were served by the FHP and those who were not. In fact, even at the individual level, there is currently no standard way to reliably develop a user profile within the national health system, although efforts are under way to implement a national health identification card. We were not able to test all possible factors associated with the need for hospitalization, nor were we able to adjust at the individual level for case mix. Instead, we assessed the overall public health impact of ACS hospitalization rates on the national level as a whole and used All government and contracted hospitals, per 10 000. *P < .05; **P < .01; ***P < .001.
aggregate values from the microregion to control for health needs. The size of the database (nearly 60 million hospitalizations) and the lack of a unique user identification also made it unfeasible to use linkage methods to distinguish between first-time admissions and subsequent readmissions or to use other approaches such as multilevel models. Finally, we used the total population as our denominator, and this method may have underestimated all hospitalization rates, as a proportion of the population may not have been at risk for hospitalization in the public sector because they had private health insurance. However, even those with private health insurance are The best fit for the model for the group aged 70 to 79 years included 1-, 2-, and 3-year lagged dependent variables. *P < .05; **P < .01; ***P < .001. Table presents B coefficients and robust 95% confidence intervals in parentheses. All models controlled for log income per capita, clean water, illiteracy, health insurance, medical consultations per capita, premature mortality, and year effects. Dynamic models also included 1-and 2-year lagged dependent variables and treated all variables except for income as endogenous. M1 and m2 are tests for the first-order and second-order serial correlation in the first-differenced residuals. Sargan is a test of the over-identifying restrictions, under the null of instruments' validity (with 2-step estimator). The best fit for the model for women only included a 1-year lagged dependent variable. The best fit for the model for the group aged 70 to 79 years included 1-, 2-, and 3-year lagged dependent variables. *P < .05; **P < .01; ***P < .001.
not excluded from the public health system, and controlling for this phenomenon would require many additional assumptions.
Conclusions
In addition to potentially informing health policy in Brazil, this study may also have several implications for other countries. First, as Brazil and other middle-and low-income countries follow World Health Organization guidance to move to expand and consolidate primary health care as the basis of their health systems, measures such as ACS hospitalization rates are likely to become increasingly important to analyze trends over time, explore geographic variations, and identify changes in health care needs among aging populations. Second, although the use of existing administrative data can shed light on processes of health care reform, within such complex and rapidly changing environments interpretation of changes in ACS hospitalization rates may require greater care than might be the case for more established health care systems in richer countries. For example, rates of change in ACS hospitalizations may need to be assessed independently of absolute levels. Third, it is essential to take public, private, and nonprofit sector providers of primary and hospital care into account when one is conducting national-level assessments of health system performance. In countries without a national health system and corresponding data, this will require use of ongoing surveys and other techniques to adequately capture changes at the facility and population levels. Despite these challenges, we hope that continued adaptation and demonstration of tools such as ACS hospitalization rates will further encourage their use in assessment and improvement of primary care and health system performance worldwide. j Notes. FHP = Family Health Program. High versus low FHP refers to 75% or higher population coverage versus 25% or less. High hospitals refers to high supply of contracted private or nonprofit hospital beds (100 per 10 000 or more) versus low (10 per 10 000 or fewer) supply. Results are predicted from dynamic panel model with control for log income per capita, indoor water availability, illiteracy, health insurance, medical consultations per capita, premature mortality, and lagged dependent variables. 
